ABSTRACT -Oseltamivir phosphate is a potent viral inhibitor produced from shikimic acid extracted from seeds of Ilicium verum, the most important natural source. With the site of action 5-enolpyruvylshikimate-3-phosphate synthase (EPSP), glyphosate is the only compound capable of inhibiting its activity with the consequent accumulation of shikimic acid in plants. Corn and soybean plants were sprayed with reduced rates of glyphosate (0.0 to 230.4 g a.i. ha -1 ) and shikimic acid content in the dry mass was determined by HPLC 3, 7 and 10 days after application. Results showed shikimic acid accumulation in dry mass with increases of up to 969% in corn and 33,000% on soybeans, with peak concentrations 3 days after treatment (DAT). Industrial feasibility for shikimic acid production, combined with favorable climatic conditions for growing corn and soybean in virtually all over Brazil, favor the use of reduced rates of glyphosate in shikimic acid biosynthesis, with potential for use as an inducer in exploration of alternative sources for production of oseltamivir phosphate with low environmental impact.
INTRODUCTION
Periodically, mankind is struck by influenza pandemics, with fatal consequences. The first influenza pandemic recorded in the 21st century caused by the H1N1 virus lasted 14 months (Martirosyan et al., 2012) . In Brazil, 30,854 cases of SARS were reported in 2009; 19.8% of these (6,100) were confirmed as cases of influenza by laboratory testing, and 85.3% (5, 206) were confirmed for the influenza virus A (H1N1), with 10.7% of deaths (São Paulo, 2009) . With a mortality rate of over 50%, avian flu caused by the H5N1 virus has aroused increasing concern due to the possibility of the mutant virus to acquire the ability to infect humans, causing new pandemics. Thus, the development of effective measures to combat these viruses is of crucial importance to human health.
Neuramidases are glycoside hydrolase enzymes that cleave the glycosidic bonds of neuraminic acid, and they are essential for viral replication (Forleo-Neto et al., 2003) . Oseltamivir phosphate is a potent inhibitor of viral neuraminidase, discovered in 1997 (Kim et al., 1997) and launched in 1999 by the pharmaceutical company Roche, marketed under the brand name Tamiflu®. It is used against various strains of influenza virus, including H1N1 and H5N1 (Kramer et al., 2003) .
Currently, oseltamivir phosphate is produced from shikimic acid, in a complex synthesis process involving 11 phases (Abrecht et al., 2007) . Shikimic acid is a scarce and expensive chemical, obtained mainly from seeds of Ilicium verum, a shrub native of China popularly known as Chinese star anise, and I. anisatum, native of Japan (Sadaka & Garcia, 1999; Payne & Edmonds, 2005) . In a conservative estimate, Bradley (2005) states that 520,000 kg of shikimic acid are needed for producing Tamiflu® in the event of a pandemic affecting 400 million people, compared to a current annual production of 100,000 kg of this acid.
Measurement
of shikimic acid accumulation in response to glyphosate inhibition of enzyme EPSPs is used not only to determine plant exposure to this herbicide (Henry et al., 2007) but also to quickly and accurately identify resistant weeds (Muller et al, 2003; . Koger et al, 2005a) , to distinguish resistant from susceptible soybean and cotton cultivars (Pline et al, 2002; Bonini et al., 2009) , and to check its effect on the metabolism of aromatic amino acids in Cyperus rotundus (Wang, 2001) . Transitory in nature, shikimic acid accumulation has been reported to occur one day after glyphosate application, reaching peak levels between four and seven days afterwards (Koger et al., 2005b) .
Whereas obtaining pure shikimic acid involves relatively simple and low-cost processes (Sui, 2008) , the use of reduced rates of glyphosate can be an interesting strategy for accumulating this acid for further industrial use. The process shown here may be of interest to the pharmaceutical industry, in search of options to supplement the meager supply of shikimic acid.
Based on the fact that reduced rates of glyphosate applications induce shikimic acid accumulation in plants, the aim of this study was to determine both the effect of reduced rates of glyphosate on shikimic acid accumulation in corn and soybean leaves and the period of greatest accumulation of this acid in the plants. Thus, this paper suggests that corn and soybeans plants treated with glyphosate can be considered to be alternative plant sources for the production of this acid by employing an environmentally friendly management system whereby reduced rates of this herbicide are applied.
MATERIALS AND METHODS
The trial was conducted in a factorial design with the factors glyphosate rates and sampling times with seven and three levels, respectively, with treatments arranged in a randomized block design with four replications. of equivalent glyphosate acid (Rodrigues & Almeida, 2005) , the treatments consisted of reduced rates of this herbicide at 0.0; 7.2; 14.4; 28.8; 57.6, 115.2; and 230.4 g a.i. ha -1 (Table 1) .
Treatments were applied at stages V4 and V3 for corn and soybeans, respectively, 25 days after sowing, using a backpack sprayer equipped with four nozzles spaced at 0.5 m and 110.02 STIA 02 (Micron) tips at constant pressure of 35 lb in The determination of shikimic acid in soybean and corn leaves followed the procedure described by Matallo et al. (2009) . At 3, 7 and 10 days after treatments (DAT), always in the morning, younger and fully developed leaves and trifoliate leaves of corn and soybeans, respectively, were randomly collected. Each sample consisted of 20 plants in each plot. The leaves and trifoliate leaves were dried in a forced air circulation oven at 60 o C for 16 hours, and after that they were crushed at 25,000 rpm (IKA A11 Basic), frozen at temperatures ≤ 10 °C, stored in polystyrene boxes, sealed and transported to the laboratory. The extraction of shikimic acid was performed in replicates of 100 mg of dry matter, mixed with 5 mL of water acidified to pH 2 with phosphoric acid in a microwave oven (Panasonic NN-S62B) at 100 W for 10 seconds. The extraction temperature was 49. The results were taken in dry weight basis in order to eliminate the variability of the water content of the plants. Data were subjected to analysis of variance by the F-test, with means compared by Tukey's test, both at 5% probability.
RESULTS AND DISCUSSION
A calibration curve with concentrations of shikimic acid ranging from 2.04 to 407.2 mg L -1 was constructed for quantifying shikimic acid concentrations. The relationship between the concentrations and the areas of chromatographic peaks was linear, with a correlation coefficient of 0.9999. Through this method, the detection threshold was 0.395 mg L -1 . In the terms of the analytical method, shikimic acid eluted at 4.8 minutes, for a total analysis time of 10 minutes. Tables 2 and 3 show, respectively, the concentration of shikimic acid in corn and soybean determined at 3, 7 and 10 days after glyphosate application, besides the ratio relative to the endogenous level of control plants.
In the case of corn (Table 2) , the values of p ≤ 0.05 for rates and time indicate that these factors had a significant effect on shikimic acid concentrations; rather, the interaction between them showed that the behavior of rates did not differ significantly within each sampling time, and vice versa (p = 0.69). Glyphosate when applied at rates of 115.2 and 230.4 g ha -1
, significantly increased shikimic acid concentration in corn leaves at 3 DAT increasing, respectively, 4.97 and 9.73 times its concentration compared to the one found in control plants. Shikimic acid concentration also increased significantly by 9.85 times and 11.25 at 7 and 10 DAT, respectively, compared to the endogenous level of the control when glyphosate was applied at a higher rate. For soybeans, both rates and application time and the interaction between them showed values of p ≤ 0.05, indicating significant differences in shikimic acid concentration for these factors. Significant increases, representing 73.16, 124.56 and 135.00 times the endogenous shikimic acid concentration in the control plants after 3, 7 and 10 DAT, respectively, were observed when applied Glyphosate at 28.8 57.6 and 115.2 g a.i. ha -1 with peak concentrations at 7 DAT -this corresponds to 338.68 times the concentration of control plants (Table 3) .
Periods of maximum shikimic acid accumulation are in agreement with those reported by Henry et al. (2005) , who found peak concentrations at 4 and 7 days after application of glyphosate in corn and soybean, respectively. Endogenous shikimic acid concentrations in the control plants are close to those determined in needles of Pinus spp. and seeds of Liquidambar styraciflua (Enhrich et al., 2008; Sui, 2008; Martin et al., 2010) and within the range expected for angiosperms (Hattori et al, 1954; Sambanthamurthi et al., 2010) .
Starting from a significantly lower endogenous level, soybean consistently showed statistically higher concentrations than those observed in corn through the application of 57.6 g a.i. ha -1 (Figure 1 ). It is known that shikimic acid is present in several tissues from a wide variety of plants at a sufficiently high rate, and the concentration and accumulation in different tissues depends on the rate of ongoing metabolic processes (Bochkov et al. 2012) . Different signaling molecules may mediate plant response to abiotic stress, and extracellular ATP accumulated a primary flag that triggers plant response, leading to the formation of reactive oxygen species, which are molecules associated with activation of primary and secondary metabolism (Jacobo-Velázquez & Cisneros-Zevallos, 2009 ). Thus, a higher shikimic acid accumulation observed in ) and ratio compared with the control in corn leaves after application of different glyphosate rates
Means followed by the same letter in the columns do not differ by Tukey's test at 5% probability. ) and ratio compared with the control in soybean leaves after application of different glyphosate rates
Means followed by the same letter in the columns do not differ by Tukey's test at 5% probability. Means compared by the t-test at 5% probability in each rate. at 3 DAT, 96.68 and 92.82% of variability is explained linearly at 7 and 10 DAT, respectively, also with strong relationship between variables. Anderson et al. (2001) also found a direct proportional relationship between glyphosate rates and shikimic acid accumulation in wheat plants.
The results showed shikimic acid accumulation in the dry mass of corn and soybeans, with increases of up to 969% in corn and 33.000% in soybeans, with peak levels at 3 DAT. The industrial feasibility of the process of shikimic acid production (Rawat et al., 2013) , together with the favorable climatic Glyphosate as a tool to produce shikimic acid in plants conditions for growing corn and soybeans almost all over Brazil, favor the use of reduced rates of glyphosate in shikimic acid biosynthesis, with potential for use as an inducer in the exploration of alternative sources for the production of oseltamivir phosphate (Tamiflu®), with low environmental impact. The results agree with those presented by Becerra-Moreno et al. (2012) , who found an increase of 1,735% in shikimic acid concentration in carrots under glyphosate application. Chimia, v. 61, n. 3, p. 93-99, 2007. 
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